Normal gait is characterised by a high level of inter-leg symmetry of gait parameters. Therefore, efforts in rehabilitation of amputees are directed at the construction of a prosthesis which provides normal leg function and allows a more symmetrical gait. Analysis of the gait of trans-tibid amputees was performed when they were ambulating at their own freely selected speed and at a faster speed. The effect of speed on selected gait parameters in each leg was evaluated and the influence on symmetry established by comparing the inter-leg changes for each of the selected parameters. The faster gait trail affected significantly all temporal and distance parameters in both legs but not the level of symmetry between legs. At the faster speed, the hip angles at heel-strike and during swing and the knee angle during load response, in the normal leg, and the knee angle during swing in the amputated leg, all increased signrficantly. Speed of gait significantly affected symmetry between knee angles as reflected by the increased differences measured during load response (from 2.62 i5.2 to 7.06 k4.2 degrees) and during toe-off (from 1.80 k7.4 to 9.50 i9.1 degrees). Timing and sequence of selected gait events, as related to stride time, were not significantly affected by speed of gait. These results might contribute to a better understanding of gait characteristics in trans-tibid amputees and provide design guidance for prosthetic components.
Introduction
Gait is a complex process which differs between individuals and also from step to step in any individual. Normal gait is characterised by almost identical movements performed by both lower limbs with only small differences in kinematic and kinetic parameters. Symmetry of gait can be measured by different methods and can be reflected through various gait parameters.
Temporal andor distance variables have been used to identify symmetry of gait in amputees and the literature suggests that amputees demonstrate asymmetrical gait patterns. Duration of stance time on the prosthetic and normal legs have been measured and symmetry defined as the difference, in seconds, between both legs.At the final stage of prosthetic rehabilitation, an asymmetry of 0.02 second between stance phases has been measured (Baker and Hewison, 1990) . In other studies it was noted that during amputee gait, step-length performed with the normal leg was shorter and accomplished in less time (Robinson et al., 1977) , and stance time was longer on the normal leg than on the opposite leg (Breakey, 1976) . Symmetry of gait has been evaluated also by comparing the ground reaction forces measured in both limbs by means of double force-plates (Isakov et al., 1992) . In that study, complete symmetry between limbs was considered to reflect a state where the acting forces are of equal magnitude in each leg. In trans-tibial amputees with optimally fitted prostheses, asymmetry of mediolateral forces was measured as 1.6%, of anteroposterior forces 15% and of vertical forces 6.9%. Another 1990 ). An estimate of congruity between two angle-angle configurations was obtained and a calculated recognition coefficient served as the criterion for intercurve comparisons expressing degree of symmetry. The mean symmetry obtained for trans-tibial amputees was 0.802 kO.044 while lower limb mean symmetry in normals was 0.881 *0.011. Symmetry of temporal and distance parameters was measured also in normals during gait with three speeds; slow, fredcomfortable, and fast. Symmetry was determined by the use of equations where results obtained in the left leg were divided by those of the right leg (Hirokawa, 1989) . During free speed, the highest value of symmetry was obtained for step length, 0.98, for stance time, 0.96, for step width, 0.93, for double limb support, 0.90, and foot angle, 0.74. When comparing slow and fast speeds, it was noted that symmetry of gait became higher when speed increased. However subjects who had the highest symmetry for one parameter did not always show high values for all others.
Gait symmetry evaluation can be applied to the process of prosthetic rehabilitation and used for different purposes. Gait symmetry has been monitored during the rehabilitation period to evaluate rate of progress. Baker and Hewison (1990) showed that symmetry in stance time improved by comparing results obtained at the initial and final stages of rehabilitation. Gait symmetry was also used to evaluate the contribution of better stability of the stumpsocket complex to the quality of gait (Isakov et al., 1992) . In that study a Swedish knee cage was attached to a patellar-tendon-bearing prosthesis for trans-tibial amputees with very short stumps. The obtained improvement in stability was reflected in increased symmetry in stance duration and ground reaction forces measured in both limbs. Symmetry of temporal and kinematic gait parameters (Boonstra et al., 1993) and electromyographic activity (Culham et al., 1986) have been used to evaluate the effect on gait of different prosthetic components.
Evaluation of lower limb symmetry may contribute to a better understanding of factors interfering with normal patterns of gait in transtibial amputees. Therefore, this study was directed to investigate gait characteristics of two different speeds in trans-tibia1 amputees and the influence of speed on symmetry of selected gait parameters obtained.
Subjects
Fourteen trans-tibial amputees (3 women and 11 men) volunteered to participate in the present study. The subjects' mean age was 40.5 *12.7 years, (range; 27 to 65 years). Amputation was performed on the right lower limb in 5 subjects and on the left in 9 subjects.
Twelve amputations were a result of trauma, one was due to thrombosis, and one due to peripheral arterial disease.
The mean time elapsed from amputation to the reported test was 16.9 *14.6 years (range; 3 to 46 years). The mean time for receiving the first prosthesis was 5.2 k4.1 month (range; from one to 18 months). Nine prostheses were patellar-tendon-bearing, and five were patellartendon-supracondylar prostheses and all had a solid-ankle-cushion-heel foot. All subjects were excellent walkers who used their prostheses on a regular basis and were conducting an active normal family life. Subjects walking distance at free speed ranged from 0.5 to 10 km with mean distance of 3.14 d . 4 km.
Methods
Subjects underwent two tests; first while walking at their own comfortable free speed and then when asked to walk at a faster speed. In one subject only the first test was performed. Before testing, all subjects were assessed by a prosthetist to ensure optimal fit and function of the prosthesis. None of the subjects had stump problems (blisters, sores, swelling, pain etc.) on the testing session. All subjects were tested ambulating with no supporting aids. The following gait parameters were measured; temporal parameters of stance, swing, doublelimb support, step time and length. Hip joint angle was measured at heel-strike (1). at peak stance extension (2), at toe-off (3), and at peak swing flexion (4). Knee joint angle was measured at load response (5). at toe-off (6). and at peak swing flexion (7). Sequence and time of occurence, relative to stride period, of the following gait events; knee peak load response (a), peak extension of hip during stance (b), toe-off (c), peak knee flexion during swing (d), and peak hip flexion during swing (e) (Fig. 1 ). 
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Step during two different speeds of gait. All values were significantly affected by speed but not the inter-leg differences ( Table 3 ). In Table 4 , means and standard deviations of hip and knee angles measured at selected gait events are compared in each leg during free and fast gait.
Speed significantly affected normal leg hip angle during heel-strike and swing, and knee angle during load response. On the amputated side, knee angle increased significantly on swing only. Inter-legs angle changes were significant for load response and toe-off between free and fast speed of gait ( Table 5 ). Timing of occurrence of selected gait events as related to stride time (expressed in percentage of stride time) are detailed in Table 6 . Results obtained in free speed are compared with fast speed for each leg separately. Differences are insignificant as were inter-legs changes (Table 7) .
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Discussion
Gait inter-leg symmetry is considered to be perfect when all measured gait parameters in
Amputated side
Free speed
Fast speed both lower limbs are equal. Symmetry between legs indicates a normality of gait, and therefore prosthetic rehabilitation aims at fitting amputees with an artificial limb which will reproduce as closely as possible the performances of a normal leg. Gait analysis is therefore used to evaluate the benefit of certain prosthetic components by measuring how they affect level of inter-legs symmetry as well as the energy cost of gait (Isakov et al., 1985; Barth et al.,  1992; Boonstra et al., 1993) .
In the present work the authors aimed at identifying gait parameters in trans-tibial amputees, and explored whether their symmetry is speed related. For this purpose, chosen gait parameters were measured during free and fast gait trails and inter-leg symmetries were compared. The mean speed performed in the fast gait trail was higher than the comfortable free speed to an extent that induced a significant change in all temporal and distance values in both legs. Values of temporal parameters of stance, swing, double limb support, and step time decreased sigdicantly while values of distance parameter of step length increased significantly. The effect of increased speed on inter-legs temporal and distance parameters symmetry was insignificant.
Gait symmetry in trans-tibia1 amputees
The hip and knee angles on the amputated and normal sides were monitored and the effect of speed was established by comparing the angles measured at selected instances of gait. It was noted that a faster speed of gait induced a significant increase in flexion of the hip joint in the normal leg when measured at heel strike (from 16.83 k3.56 to 20.12 k4.6 degrees) and during swing (from 22.16 i3.8 to 25.85 k3.7 degrees). In the same leg, knee flexion increased sigruficantly during load response (from 9.17 k3.74 to 14.82 k3.3 degrees). As for the amputated side, speed of gait significantly affected flexion only of the knee during swing (increased from 58.43 k6.9 to 64.31 k7.3 degrees). Joint angles might also serve as indicators of gait symmetry. The effect of increased speed did not affect the symmetry of hip angles as indicated by the almost similar , 1991) . The inability of the artificial ankle to dorsiflex (and plantarflex) during stance, is expressed also by the inability to lower the heel and straighten the knee. Thus, during toe-off, the knee on the amputated side is being "pushed" into flexion by the rigid ankle, an outcome which increases sigmficantly in faster speed of gait.
Timing of occurrence and the sequence of gait events relative to stride time might also indicate symmetry of gait. The following gait events were chosen; peak angle on knee load response, maximal hip extension during stance, toe-off occurrence, maximal knee flexion during swing, maximal hip flexion during swing. The exact time of their occurrence (expressed in percentage of stride time) relative to stance period was measured. This assumption was found to be erroneous as the timing of Occurrence of the chosen gait events did not significantly change under the effect of speed.
In conclusion, under the conditions of the present tests, speed of gait in trans-tibial amputees significantly affected the symmetry of all temporal and distance parameters as well as the symmetry of knee angles during load response and toe-off. Analysis of gait in amputees can identify asymmetrical parameters and provide the necessary information for focusing research and development on prosthetic components which duplicate normal leg functions.
